A 
Introduction
It is well known that semiconductors with a relatively small band gap exhibit very good thermoelectric performance. Semi-metallic materials can be made semiconducting by using low dimensionality quantum confinement effects. BiSb alloys are very interesting for thermoelectric applications. Thermoelectric transport properties of doped Bi 0.91 Sb 0.09 thin films were examined a long time ago [1, 2] . When Bi-Sb alloys were doped with Pb or Sn the Seebeck coefficient and power factor increased [3] . A photo-thermoelectrical YBCO-BiSb thick film bolometer [4] has been made and used and also BiSb thermocouple sensors in the 8 mm wave length range [5] .
Experimental and Results
Pure Bismuth (3N) and Antimony (6N) were synthesized using the Bridgman technique at the maximum temperature of about 500ºC. The temperature gradient was 2ºC/mm in the zone of heating and 5ºC/mm in the zone of cooling. The ingot was grown at the speed of 12 mm/h. Using the X-ray technique, the sample composition was confirmed.
Single crystal plates were cleaved, from the ingot, and Bragg's diffractions confirmed its orientation (00l). Two cleaved thick crystal plates were selected for further measurements -sample 1 and sample 4 of the initial thicknesses of 810 µm and 750 µm, respectively. The chemical composition of two cleaved plates were determined using an Oxford Instruments INCA Penta FETX3 energy dispersive spectrometer (EDS) system attached to a TESCAN Electron Microscope VEGA TS 5130MM scanning electron microscope (SEM). The back-scatter imaging revealed relatively large scale homogeneity of both samples. Bi and Sb contents of sample 1 are 87.79±0.53 at% and 12.21±0.53 at%, respectively. Bi and Sb contents of sample 4 are 99.55±0.10 at% and 0.45±0.10 at%, respectively.
PA amplitude and phase spectra were measured using a specially constructed PA cell [6] whose construction was optimized to obtained maximal acoustical protection from the surrounding influences. Thus a favorable signal-noise ratio and a flat frequency characteristic were achieved in the range between 60 and 6000 Hz. The PA signals were measured using an experimental setup with a red laser (80 mW) as the optical source. The laser beam was modulated by a mechanical chopper and the sample was irradiated by a large spot (3 mm in diameter) in order to exclude the effect of lateral diffusion in the sample being studied. The sample was mounted directly on the front of an electret microphone, which had a 2.5 mm diameter circular window as the sound inlet. The amplitude and phase of the PA signals for both sample 1 and sample 4 were measured for different plate thicknesses (sample 1 for the initial thickness of 810 μm, repolished to 710 μm and measured, further repolished to 350 μm and measured again; sample 4 for the initial thickness of 750 μm and repolished to 450 μm and measured again). The amplitude and phase of the PA signals, versus the modulation frequency, for both samples are illustrated in Fig. 1 (a) and (b), respectively. These different thicknesses were obtained by polishing one side of the thick plate with diamond paste.
Hall effect measurements were conducted using the Hall Effect Measurement System Ecopia HMS-3000 at the Faculty of Technical Sciences, Novi Sad. The samples used for measurements were prepared to be in the form of a thin plate or thin disc cut perpendicular to the long axis of a single crystal ingot. All samples were carefully inspected for cavities and scratches and polished if necessary. All measurements were carried out at room temperature (T =300 K) and in a dark chamber in order to avoid excitation of the narrow-gap semiconductor by daily light, that is, to minimize the photoconductive and photovoltaic effects. The source of magnetic field applied perpendicular to the Hall element was a permanent magnet of 0.37 T. I-U and I-R characteristics measurements were performed in 10 steps by varying the applied electric current intensity of ±100 μA, ±500 μA and ±1 mA for each sample. Each sample was measured with different orientation with respect to the four ohmic contacts placed on the periphery of the sample, where possible. In addition, some samples were measured on other side as well. These were done in order to check sample homogeneity and data reproducibility. Hall effect measurements were done to obtain transport properties, that is, mobility of the charge carriers necessary as the entry parameter for the fitting procedure of the photoacustic measurements. The concentration of the carriers and the mobility of the charge carriers for the studied samples are given in Tab. I. 
Discussion
In accordance with the Rosencwaig-Gersho thermal pistons model [7] a complex system at the gas-sample-backing-microphone detection configuration is considered. The temperature distribution in the PA cell must be known for determining the amplitude and phase of a PA signal. One should take into account different thermodiffusion mechanisms in thermal wave generation e.g. many thermal sources in semiconductors. Finally that theoretical model shows that the periodic variation of the surface temperature and consequently the PA signal has a complex dependence on the modulation frequency [6, 8] . Since, there is a decrease in the electret microphone sensitivity in the frequency range below about 100 Hz, the experimental amplitude and phase PA signal should be corrected in the modulation frequency range below 100 Hz. In this work we have used a simple method of normalization PA experimental diagrams of the same sample but with two different thicknesses. This normalization method can eliminate the effect of the electret microphone. The signal ratio for two different thicknesses of the measured sample was calculated using the following equation: where Φ (-l) is temperature distribution on the surface which is in contact with the electret microphone and A m is amplitude ratio while Δφ is the phase difference of the experimentally measured PA signals for two different sample thicknesses. Typical examples of the amplitude and phase fitted diagrams for both sample 1 and sample 4 of different thicknesses are shown in Fig. 2 . The fitting program enables the user to choose the value of parameters existing in the mathematical model. The user can select the magnitude of the change of each parameter. One can simultaneously fit separately the amplitude or phase diagram or both together. In that case the fitting error can be estimated using one of the following criteria: a) the sum of absolute differences between the experimental and the calculated values; b) the sum of the squares of differences between the calculated and the experimental values; c) the sum of relative errors; d) the sum of the squares of the relative errors. Therefore, the experimental curves can be compared with the theoretical one obtained by the mathematical model for the given parameters and their values can be determined during the fitting procedure. Sample 4 shows better fiting due to larger scale homogenity with respect to sample 1, revealed by back-scatter electron imaging. It is obvious that the experimental and theoretical diagrams are mainly different in the frequency range below about 40 Hz where the electret microphone sensitivity is limited. At the same time one can notice that the difference between the experimental and theoretical diagrams are small in the frequency range above 40 Hz. Slight discrepancies between experimental and theoretical diagrams are also observed at highest frequencies. That in some way demonstrates that the values of the fitted parameters are reasonably well determined.
Our results can be compared with a limited number of results on the thermal and electrical properties of BiSb alloys. For instance, thermal diffusivity of Bi doped with Sm was measured using the flash technique [9] and the obtained values were between 0.793·10 -6 and 0.587·10 -6 m 2 /s depending on the amount of Sm. Our determined value is higher (0.3·10 -5 to 0.4·10 -5 m 2 /s), probably due to the presence of Sb in our samples comparing to Sm-doped samples in [9] .
Conclusion
Single crystal Bi 0.9 Sb 0.1 plates with (00l) orientation cleaved from an ingot obtained using the Bridgeman technique were used for PA measurements. The SEM-EDS measurements revealed distinct compositions of the samples 1 and 4 suggesting elemental segregation during crystal growth. Hall effect measurements indicate that Bi 0.9 Sb 0.1 alloy is dominantly n-type semiconductor. Using both the amplitude and phase PA spectra for different thickness values of the sample 1 and sample 4, the parameters such as the thermal diffusivity coefficient, hole diffusion coefficient, excess carrier lifetime and optical absorption coefficient were determined.
